Introduction
The last decade saw an explosion in research interest on economic growth. There is now a large literature that uses panel data to examine differences in growth rates among countries over long periods of time. One of the outstanding findings in this literature is a robust empirical relationship between financial sector development and economic growth (Khan (2000) and Levine (1997) summarize the research). While the hypothesis that financial structure aids growth dates back many years (the emphasis on the role of the financial sector is due to Goldsmith (1969) and McKinnon (1973) ), firm evidence for the relationship did not appear until the 1990s when King and Levine (1993) provided cross-country evidence for the post war period and Wachtel and Rousseau (1995) provided evidence from long time series for several countries. These studies showed that the depth of financial sector development and greater provision of financial intermediary services are associated with economic growth. 1 The negative effect of inflation on growth has been widely studied although the evidence does not always provide clear support. Temple (2000) discusses different arguments for the inflation-growth relationship and surveys the empirical literature. Several influential studies in the early 1990s (e.g., Fischer (1993) , Barro (1996) ) provided the empirical basis for the widely supported negative relationship. More recently, Bruno and Easterly (1998) conducted a thorough study that provides some clarification. They conclude that the negative relationship between inflation and growth is due to high inflation episodes, and that the threshold for an inflation effect on growth may be as high as 40 percent per year.
The finding that high inflation episodes are the primary source of the negative inflationgrowth relationship is particularly interesting to us because it can have strong implications for the finance-growth relationship as well. The reason for this is that financial intermediation becomes more difficult when inflation rates are very high. The flow of information about investment projects and returns that is used by intermediaries becomes more uncertain and less readily available in an inflationary environment. Furthermore, high inflation can repress financial intermediation by eroding the usefulness of money assets and by leading to policy decisions that distort the financial structure. The channel by which inflation affects growth may run, at least in part, through the financial sector. Thus, our topic of interest in this paper is how the finance-growth nexus is affected by inflation rates. Specifically, we will show that there is an inflation threshold for the financegrowth relationship. When inflation exceeds the 15 to 25% range, financial deepening ceases to increase economic growth.
There are a few other studies that examine the inflation-finance-growth nexus. Andres, Hernando and Lopez-Salido (1999) point out that the "two strands of the empirical literature [the finance-growth and inflation-growth relationships] have lived separate lives." Their paper brings the 1 Additional work has shown that other features of financial development are also associated with higher growth rates such as stock market liquidity (Rousseau and Wachtel (2000) ) and improved accounting, bankruptcy and governance procedures (Levine, Loayza and Beck (2000) ).
3 two strands together using a data set of mostly industrialized (OECD) countries over a relatively short time span, and obtains rather weak results. Our own paper on the subject (Rousseau and Wachtel (2001) ) uses a broader panel of countries over a 40-year period and presents more robust findings. The negative effect of inflation and the positive effect of financial deepening on growth is clear in the whole sample but it is also evident that the inflation effects are due to high inflation episodes and that the financial effects are weaker when inflation is high. The effect of inflation on financial sector development is examined in Boyd, Levine and Smith (2001) and in Haslag and Koo (1999) . Both of these papers show that inflation is associated with financial repression; the financial sector is less developed in higher-inflation environments.
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In this paper we examine inflation thresholds in the finance-growth relationship with a broad data set that has been used in the recent empirical literature on growth (including Wachtel (2000, 2001) ). We will use a cross section of countries with data averaged over time (fiveyear averages extending from 1960 to 1995) to estimate a base line growth specification that has become fairly common in the literature. The financial sector measures used are broad indicators of the depth of intermediary activity that are available for a large number of countries for considerable periods of time.
Inflation and the Finance-Growth Nexus
There are many reasons why the depth of financial sector development aids economic growth. To summarize, more intense use of financial intermediaries and increased amounts of intermediation will encourage savings and investment and improve the allocation of savings to investment projects. This in turn encourages a higher level of capital formation and greater financial efficiency. 2 Haslag and Koo also show a positive effect of financial depth on growth and a weak negative effect of inflation on growth with a specification that differs from ours. They examine a cross-section of countries with data averaged over the entire 1960-89 period.
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The effect of inflation occurs through a wide variety of direct and indirect channels. Inflation increases transactions and information costs which directly inhibit economic development. For example, economic agents will find planning difficult when inflation makes nominal values uncertain. Firms and individuals will be reluctant to enter contracts when inflation is imperfectly predicted and judgments about absolute and relative prices are uncertain. The reluctance to enter contracts over time will inhibit investment and entrepreneurship, which will affect resource allocation and economic growth.
Inflation will inhibit the development of the financial sector and result in financial repression. High inflation will also discourage any long term financial contracting and financial intermediaries will tend to maintain very liquid portfolios. Thus, in an inflationary environment intermediaries will be less eager to provide long-term financing for capital formation and growth; both lenders and borrowers will be less willing to enter long-term nominal contracts. High inflation is often associated with various forms of financial repression as governments take actions to protect certain sectors of the economy. For example, interest rate ceilings and directed credit allocations are common in high inflation environments. Such controls lead to inefficient allocations of capital that inhibit growth. The relationship between financial repression and inflation can also be bi-directional.
In some instances, repression is a crude effort to protect certain sectors from inflation. In other instances, financial repression that is introduced to assist the government in financing its own activities is a cause of both inflation and resource misallocation.
Moreover, inflation will have contemporaneous effects on the finance ratios. High inflation will increase the opportunity costs of holding money and lead agents to economize on money holdings. Thus, the ratio of money to GDP might decline as a direct consequence of inflation.
Further, the ratios of financial assets to GDP might decline in a high inflation environment if nominal debts do not increase as rapidly as GDP. This is particularly likely if the financial repression that is common in high inflation episodes keeps real interest rates low or even negative.
In our earlier paper (Rousseau and Wachtel (2001) ) we showed that inflation affects financial depth and has a direct effect on growth as well. In this paper, we will examine a more specific hypothesis. We investigate the effect of inflation on the impact of financial deepening on growth.
Inflation reduces the ability of financial intermediaries to improve resource allocations. Thus, we will show that the effect of financial deepening on growth is reduced when inflation is high.
Data and Methodology
An almost standard empirical framework has emerged since Barro (1991) and Levine and Renelt (1992) introduced cross section regressions for the study of growth among countries. The base line growth equations include a standard set of explanatory variables that provide robust and widely accepted proxies for growth determinants. King and Levine (1993) extend the framework to include measures of financial depth in this robust set. Furthermore, the use of data averaged over a number of years has become a standard approach for analyzing long-term determinants of growth.
Our empirical framework draws on this decade old tradition.
Our data set is constructed as a panel of country observations from the World Bank's World Development Indicators, and includes as many as 84 countries over the period 1960-95. 3 Since our interest is the longer-term effects of inflation and finance, we use five-year average data as the frequency of observation. The 1999 version of World Development Indicators includes 227 countries, but the availability of an adequate array of financial indicators limits the coverage of our sample to 84 countries. King and Levine's (1993) sample is of similar size. 4 The use of time series averages in panel data for cross-country studies has become commonplace. Earlier studies take average data over a decade or even several decades. We prefer the shorter period because it allows for more time series variation in the data.
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The by now standard specification of the growth equation regresses the average rate of real per capita GDP growth for the five-year period on a standard set of conditioning variables:
• Initial real GDP has an expected negative sign due to real convergence. Everything else held constant, a high GDP country will have a lower growth rate since gradual convergence is expected.
• The log of the initial secondary school enrollment rate is used as a proxy for human capital investment and enters with an expected positive sign. School enrollment rates (called SEC in the tables) are more widely available than more specific measures of human capital. It is a good overall indicator of the commitment towards investments in human capital.
• Fixed effects for the time periods are included because global business cycle conditions result in variations in growth rates over time that are common to many countries. The fixed effects (dummy variables for the time periods) are always significant as a group.
They are retained in all equations although the coefficients are not shown in the Tables.
• One of three measures of financial sector depth -the ratio of either M3, M3-M1 or Total credit to GDP is included. The broad money supply M3 includes all deposit type assets and is a measure of intermediary activity. As a financial sector becomes more developed and exhibits greater depth, there will be more activity by financial intermediaries. M3 less M1 takes the pure transactions assets out of the ratio (currency and transactions deposits) and focuses on the intermediation activities of depository institutions. Financial depth is also reflected by the activities of non-depository intermediaries and direct finance. The total credit ratio reflects the overall level of financial intermediation in an economy.
In our panel data set, the financial ratios show positive but not terribly large correlations with GDP growth: .177 for M3, .149 for (M3-M1) and .106 for the credit ratio. The negative correlation of 7 inflation (the average annual inflation rate over the five-year period) with growth is -.189. The financial ratios are correlated amongst themselves and for this reason we will experiment with one at a time. The financial ratios are also highly autocorrelated from one five-year period to the next while the autocorrelation of inflation is only .173.
Since coefficients in the base line specification for the GDP growth rate may be influenced by simultaneity between growth and contemporaneous measures of inflation and financial depth, we use instrumental variables to extract their pre-determined components in the course of estimation.
The instruments used for inflation and financial depth are their values in the starting year of each five-year period. Following Levine and Zervos (1996) , we further ameliorate the simultaneous impact of growth on financial depth by using initial values of the ratios of exports plus imports to GDP and government expenditure to GDP, as well as initial values of those financial depth measures not included as regressors as additional instruments.
The inflation rate can be simply added to the basic specification to show a significant negative effect of inflation on growth rates, a direct inflation effect. However, Rousseau and Wachtel (2001) and others have shown that outliers -episodes of very high inflation -largely drive this result. Moreover, our interest is in the way inflation moderates the impact of financial development on growth.
As a result, we will utilize a rolling regression technique to characterize more precisely how inflation affects the influence of finance on growth. We do this by ordering the panel observations by the size of the inflation rate and then estimating the growth equation sequentially starting with the 25 panel observations with either the lowest or highest inflation rates and adding observations ordered by the inflation rate until the full sample is included. A graphical presentation of the evolution of the finance coefficient as the sample grows then provides us with a view of the influence of inflation on the finance effects.
Base Line Growth Regressions and Variations
Instrumental variables estimates of our base line growth equation with the contemporaneous 5-year average inflation rate and a measure of financial depth are shown in Panel A of Table 1 . The finance variables are all highly significant. In all equations, the log of the initial secondary school enrollment rate, a measure of human capital investment, has the significant and positive growth effect that theory would predict. Finally, the log of initial GDP has a negative effect consistent with some regression towards the mean or GDP convergence over time. To interpret the magnitude of the effects of finance on growth consider a 10% increase in the financial depth ratio from its mean. The increase in the annual growth rate is about 0.6 to 1.0 percentage points.
We add inflation to the base line growth equation as an explanatory variable in Panel B. The direct inflation effects are numerically small but are about twice their standard errors in each instance. It would take an increase in the inflation rate of more than 300 percentage points to depress the growth rate by 1%. The finance coefficients are only slightly changed by the addition of inflation to the specification, and there is no indication from these full sample regressions that the finance and inflation effects are dependent on one another.
Our earlier paper showed that a few inflation outliers are responsible for the negative inflation effect on growth. Five-year average inflation rates in excess of 500% accounted for about one percent of our observations, and inflation rates over 40% accounted for about 10 percent. This frequency of high inflation observations was sufficient to exert considerable leverage over the slope coefficient on the inflation variable. We also showed that the inflation effect disappears (see Table 2 below) when examining only those observations with inflation rates below the median. Bruno and Easterly (1998) suggest a 40% annual inflation rate as a threshold for the definition of high inflation episodes. They find that growth falls sharply when inflation crosses that threshold and then recovers 9 rapidly when inflation comes down.
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All this suggests that direct effects of inflation on growth have been quite elusive in the data.
In Panel C of Table 1 we briefly examine some alternative specifications of the direct inflation effect. Growth equations are shown with the M3/GDP ratio and three change specifications -the change in inflation from one five-year period to the next, a dummy variable for inflation episodes (change in the five-year average of more than 10%) and a dummy variable for substantial disinflation episodes (a reduction in the five-year average of more than 5%). 6 These inflation effects have the expected signs, but the coefficient on the dummy variable for disinflation is not very precisely estimated.
In Table 2 we show the finance coefficients from the base line growth equation when the sample is divided in two. In the upper panel, estimates are shown for the above and below median inflation observations. The positive effect of financial depth on growth is dampened substantially when inflation is high. In the lower panel, the sample is divided between above and below median levels of financial development. In these regressions, finance does not affect growth when the sample is limited to observations with financial depth below the median, but has a positive and significant effect in the groups that lie above the median. Even here, the coefficients are smaller than those obtained for the full sample. This suggests that the basic relationship between finance and growth may to some extent be a result of clustering across observations with low and high values for our financial depth measures. In other words, the finance coefficients for the below and above median samples are within group marginal effects, while the full sample coefficients may have a large "between-group" component.
Other studies have shown lower thresholds for the effect of inflation on growth. Khan and Senhadji (2000) summarize the literature and present estimates for a threshold of 1-3% for industrial countries and 7-11% for developing countries. 6 The sample size falls in these regressions because we lose at least one time series observation for each country in computing the variables for inflation changes.
All in all, our experiments with direct inflation effects and the mixed results reported in other studies indicate that there might be more complex channels through which inflation and finance affect growth and that thresholds might be difficult to identify. In order to get a fuller understanding of the influence of inflation on the finance coefficients, we present some figures that show their evolution from rolling regressions. Table 1 . The left-hand side of the figure includes the coefficients and standard errors for our three measures of financial development as we add observations of increasing inflation to the sample.
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On the right-hand side of the figure, we order the observations starting with the high inflation episodes and expand to include lower inflation observations. The left side shows that the relationship between financial depth and growth is largest among countries with inflation rates of 8-10 percent, but that these effects become smaller and far less variable as higher inflation observations are added to the sample. The right side shows more clearly where the inflation thresholds lie. In the upper right panel, for example, the coefficient on M3/GDP is negative but not significant for inflation rates larger than 13.4 percent, but is positive at lower inflation rates and becomes statistically significant at the 5 percent level when inflation is less than 6.5 percent. This suggests a threshold inflation rate of somewhere between 6.5 and 13.4 percent -only when inflation is beneath the threshold is it low enough for M3/GDP to affect growth.
The center right and lower right panels, which repeat the sequential regressions with (M3-M1)/GDP and Total credit/GDP serving as the financial measure, indicate respective thresholds between 13.4 and 15.9 percent, and between 8.1 and 25.1 percent. Financial depth appears to need a reasonably low inflation environment to promote long-run growth effectively. In the left-hand sides of Figs. 1-3 , we truncate the coefficient estimates at the point where they stabilize as higher-inflation observations are added. This allows us to focus more closely on the ranges of inflation in which the important fluctuations and thresholds appear. Another way of looking at the relationship between finance and inflation effects is to use the rolling regressions to examine how the direct inflation effect on growth varies with financial depth. Rolling Although it is difficult to identify specific inflation channels, the rolling regression technique can be used to shed light on important possibilities. Figure 1 reveals that low inflation improves the influence of financial depth on growth. We can also use the rolling regression approach to examine the impact of inflation outbursts and disinflation episodes on the effects of finance. In Figure 2 , we show estimates of the finance coefficients from the base line regressions with the sample ordered by the change in the inflation rate.
The left hand side of Figure 2 shows that disinflation (negative changes) is associated with a very strong and positive effect of finance on growth when we use M3 and (M3-M1) as the finance measures. The results with the total credit ratio are negative although insignificantly different from zero. The panels on the right hand side show that very large increases in inflation are associated with strong finance effects. However, these finance effects are much smaller when inflation increases are between about 5 and 20 percent. Once inflation increases fall below 5 percent and enter the disinflation range, the finance impact increases.
Inflation Effects on Financial Depth
Our main results suggest that the inflationary environment is an important determinant of the degree to which finance affects growth. A less direct way of studying these effects is to determine whether inflation itself affects financial sector development. The two tests are not the same. The former addresses whether inflation inhibits the smooth operation of the financial sector regardless of its size. The latter can shed light on the presence of financial repression, or the tendency for inflation to dampen or reverse financial development. Though we suspect the first question to be the more important one, especially for more mature economies, we proceed to present in Table 4 the inflation coefficients in equations for each of the financial ratios. The equations include all of the variables regression estimates of the equations in Panel B of Table 1 , which we do not present here but are available from the authors upon request, suggest that the negative direct effects of inflation on growth are present at all levels of financial development.
included in our growth model -log initial GDP, log secondary school enrollment, fixed effects for time periods and an inflation variable. The inflation variable is again the average inflation rate for the 5-year period and the equations are estimated with instruments for inflation. The inflation effects are negative for the full sample and for observations below the median inflation rate with M3/GDP or (M3-M1)/GDP as the measure of financial depth, but are smaller and usually not statistically significant in the other cases.
In Figure 3 , we use the rolling regression technique to show the evolution of the inflation effect on the finance ratios as inflation changes. The plots on the right-hand side, which start with the high inflation observations, show that inflation has a significant and negative effect on M3/GDP, M3-M1/GDP, and Credit/GDP at respective inflation rates of 10.6, 21.9, and 16.1 percent, but that inflation does not affect financial depth in higher inflation environments. This result more precisely specifies the threshold of "about 15 percent" that Boyd, Levine and Smith (2001, p. 246 ) describe, and is consistent with earlier findings by Haslag and Koo (1999) . The plots on the left-hand side of Figure 3 , which start with the low inflation observations, imply a similar story -when inflation is "low," small differences in inflation rates seem related to wide variations in financial depth in the cross-section, whereas these effects vary far less when inflation becomes high enough to inhibit contracting.
Caveats
Although cross section studies of growth have led to some important research conclusions, they must be treated with care. The financial ratios might be imperfect measures of financial development, particularly at high inflation levels. We use these ratios as measures of the depth of financial intermediation or the development of the intermediary sector. However, changes in inflation can alter the ratios significantly without conveying any information about the performance of the financial sector. In some instances credit may grow faster than GDP and in some instances 13 GDP may grow faster. Thus, changes in the financial ratios may be uninformative particularly in high inflation environments. Further work with more refined measures of financial sector development is needed to distinguish the various effects on growth.
The finance -growth relationship has been found to be very robust. Nevertheless, the observed relationship between growth and financial development in cross-country studies does not necessarily imply causality. Causality from finance to growth is indicated by additional work that explicitly identifies finance mechanisms and by the statistical tests with time series data (for example Wachtel (1998 and ).
Finally, the inferences drawn from these cross-country comparisons might not be prescriptive for the development of a particular country. The observation that higher growth is associated with disinflation and financial depth is strong enough to argue that countries should pursue such goals.
However, our understanding of the dynamics of change is not sufficient to allow us to predict specific outcomes.
Conclusion and Summary
Recent literature has shown the finance-growth relationship to be strong, significant and robust. The consensus regarding the inflation-growth relationship is not a strong because it apparently relies on threshold effects that are hard to pinpoint. In this paper we introduce a rolling regression technique to help shed light on the complex interactions between financial development and inflation that affect economic growth.
Our examination of the evolution of inflation effects on the finance-growth relationships shows that:
• Financial depth has a positive effect on growth only when inflation falls below a threshold that varies between a five-year average inflation rate of 13% to 25% depending 14 on the measure of financial depth. The effects become significantly positive when inflation falls below a threshold of about 6% to 8%.
• Disinflations are associated with strong positive effects of finance on growth with most measures of financial depth.
• Inflation has a strong negative effect on financial depth when the five-year average inflation rate is below about 15-20%. 
